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ABSTRACT
A very important mutualism for many plant species is the association between
mycorrhizal fungi and its host plant. Mycorrhizal fungi assist in nutrient and water
uptake, helping to protect the plant from desiccation. The hyphae of the fungus can
spread into the surrounding soil and link with other mycorrhizae to form mycorrhizal
networks. The network then allows for interplant communication either between the
same or different species of plant. This study examines how the number and size of
surrounding trees impacts the abundance of mycorrhizae present in the roots of Ocotea
monteverdensis. I collected one root from 28 different Ocotea monteverdensis trees, and
quantified the number of surrounding trees by counting all trees within a 3-meter
radius of the sample. I then broke the surrounding trees into three different size
categories. After looking at three sections from each root, I determined the average
number of mycorrhizae present. In the end, it was concluded that the number of
surrounding trees did not affect the amount of mycorrhizae present. I also found that
the size of the surrounding trees did not have an affect on the abundance of
mycorrhizae in roots of O. monteverdensis. Further studies should be conducted on
other factors that may affect mycorrhizal abundance in O. monteverdensis in order to
provide the best possible environment for the mycorrhizae to thrive in. This potentially
could help to preserve and improve the survival of this critically endangered species.
El efecto de la abundancia de árboles circundantes sobre la abundancia de
micorrizas en Ocotea monteverdensis (Lauraceae)
RESUMEN
La asociación entre hongos micorríticos y las raíces de plantas es un mutualismo
de suma importancia para muchas especies. Estos hongos asisten a la planta en la
absorción de agua y nutrientes, ayudando así al crecimiento de la misma y a prevenir
desecación. Las hifas de estos hongos pueden extenderse y enlazarse con otras
micorrizas, formando así una red micorrítica entre árboles. Esta red permite la
comunicación entre plantas de la misma o diferente especie. Estudié como el número y
tamaño de árboles rodeando un árbol central de la especie Ocotea monteverdensis afecta
la abundancia de micorrizas en el mismo. Colecté una raíz de 28 individuos de O.
monteverdensis y cuantifiqué el número de árboles alrededor de cada individuo dentro
de un radio de tres metros. Los árboles circundantes fueron categorizados en tres
grupos de tamaño. Las muestras de raíces fueron examinadas para determinar la
abundancia de micorrizas en las mismas. Conté el número de micorrizas en tres sub
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muestras por raíz y calculé el promedio. La abundancia dde micorrizas no presentó
correlación con el número de árboles circundantes ni con el tamaño de los mismos. Más
investigaciones deben ser llevadas a cabo para estudiar otros factores que puedan
afectar la abundancia de micorrizas de O. monteverdensis. De esta manera se puede
determinar el mejor ambiente para este mutualismo, lo cual potencialmente podría
ayudar a la conservación y supervivencia de esta especie críticamente amenazada.
Mycorrhizal associations are very important mutualistic symbioses that are
formed between fungi and the roots of many terrestrial plants (Kil, et al. 2014).
Vesicular arbuscular mycorrhizas, belonging to the order Glomales, are
endomycorrhizal interactions where inter- and intracellular fungal growth occurs in the
root cortex. This growth forms specific structures known as vesicles and arbuscles
(Quilambo 2003.) Since mycorrhizae are only able to absorb carbohydrates from inside
a plant cell, they are known to be obligate biotrophs, which depend on their host for
growth and reproduction (Bonfante & Genre 2010). About 80% of all terrestrial plants
form mycorrhizal associations. In return for food and a place to colonize, the
mycorrhizae help to improve the survival of their host through various aspects such as
increasing water and nutrient uptake (Song et al. 2010). The increased uptake of
nutrients by mycorrhizal-colonized roots is caused by the active uptake and transport of
nutrients by the mycorrhizae (Quilambo, 2003). Mycorrhizae are known to improve
absorption of several immobile nutrients such as phosphorus, zinc and copper
(Lambert et al. 1979), and also of slowly diffusing ions such as PO43- (Jacobson et al.
1992).
Mycorrhizae provide various other benefits in addition to nutrient uptake. For
example, through increasing water uptake of the plant, mycorrhizae can help protect
the host plant from possible harmful effects that can be caused by drought (RuizLozano et al. 1999). Mycorrhizae are also known for protecting plants from certain root
pathogens (Quilambo 2003), and root-invading nematodes (Dodd 2000). Clearly,
mycorrhizae are part of a critical mutualism for many plant species. Mycorrhizal
diversity is a major factor in maintaining plant biodiversity and ecosystem functionality
by promoting more diverse seedlings and adult plants (Quilambo 2003).
Another very important aspect of mycorrhizae is when mycorrhizal fungi
develop extraradical hyphae, which spread into the surrounding soil and link with
mycorrhizal fungi of other host plants, forming mycorrhizal networks (Gorzelak, et al.
2015). Mycorrhizal networks can link trees of the same or different species together,
which can allow the connected trees to modify their behavior in response to fungal
colonization and interplant biochemical communication (Gorzelak, et al. 2015). It has
been suggested that this interplant communication may help with resource transfer,
and even improve regeneration processes (Teste et al. 2009). Studies have also found
that seedlings with increased access to mycorrhizal networks and mycorrhizal roots of
mature trees have a reduced rate of mortality (Teste et al. 2009).
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Many species in the plant family Lauraceae are known to be hosts of
mycorrhizae. Ocotea monteverdensis is a species in the Lauraceae family that is endemic
to premontane wet forests on the northern Pacific slope of Costa Rica. Approximately
770 mature trees remain, making it a critically endangered species (Joslin, et al. 2013).
Currently, the biggest threat for O. monteverdensis is habitat loss due to forest clearing
and fragmentation (Joslin, et al. 2013). O. monteverdensis is an important tree in the
area because they provide food for many birds, such as the quetzal or bellbird. In order
to protect O. monteverdensis, it is crucial to understand its mutualism with mycorrhizae,
which could play a very pertinent role in growth and survival of the tree.
Because of the importance of mycorrhizal fungus to plants and ecosystems, I
examined the correlation between the abundance of trees surrounding O.
monteverdensis and the abundance of mycorrhizae in the roots of O. monteverdensis. In
addition, I compared how the sizes of the surrounding trees affected average
mycorrhizal abundance. Due to the mycorrhizal networks, I wondered if more
surrounding trees would lead to a more extensive network, causing a larger amount of
mycorrhizae present. I predicted that with a greater number of surrounding trees, I
would find a higher abundance of mycorrhizae. I also predicted that a larger number of
mycorrhizae would be found when the surrounding trees were mostly full-grown, as
opposed to when a majority of the surrounding trees were saplings. This is because an
older tree may have a more established and larger mycorrhizal network, which could
lead to an overall greater abundance of mycorrhizae.
MATERIALS AND METHODS
FIELD METHODS
Data collection occurred between 23 November 2016 and 26 November 2016, at
the Crandell Memorial Reserve behind Monteverde Institute in Monteverde, Costa Rica.
I collected one root sample from 28 different trees belonging to the species Ocotea
monteverdensis. Each tree in the reserve was planted in 2008, and experiences relatively
similar sun exposure, elevation, and soil composition, which helps to standardize
certain aspects that may affect mycorrhizal growth in roots. I chose to collect surface
roots approximately 2 cm below the topsoil, directly from the base of the tree.
To quantify the abundance of trees surrounding each O. monteverdensis, I
measured a 3-meter radius around each study individual and counted the number of all
other trees in the given area. When counting the number of surrounding trees, I took
note of the sizes and organized them into three size categories. The first category
contained mostly full-grown trees, the second category contained approximately half
full-grown trees and half saplings, and the third category contained mostly saplings.
LAB METHODS
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After root collection, I brought the samples to Estación Biológica Monteverde and
executed a staining procedure in order to look at the abundance of mycorrhizae in each
root. First, I soaked the roots for 24 hours in 10% KOH in order to clear them. After the
samples had soaked, I placed them in H2O2 for 40 minutes. Next, I rinsed the roots with
tap water several times, and then placed the roots in a 1% HCl solution for 20 minutes.
Lastly I soaked the roots in 4:2:1 ratio solution of 50% glycerol, 1% HCl, and 0.05%
trypan blue for approximately 1 hour. The trypan blue binds to the cell walls of the
mycorrhizal fungi, which allowed me to easily view the mycorrhizal structures.
DATA AND STATISTICAL ANALYSIS
After the roots were cleared and stained, I sliced three 0.50 cm long samples
from each root. I viewed the roots under 400x magnification, and counted the visible
mycorrhizal structures in that portion of the root. I considered each defined vesicle,
arbuscule, or hyphae as one mycorrhiza unit. I did this for each of the 28 samples, and
averaged the three numbers from the three different sections of the root. I then ran a
regression analysis and an ANOVA test on my data to determine the significance of my
findings.
RESULTS
In total, I looked at one root from 28 different trees, and the average (± SD)
abundance of mycorrhizae present in each sample was 6.10 (±1.86). Overall, the
abundance of mycorrhizae in O. monteverdensis surrounded by a larger number of trees
did not significantly differ from abundance of mycorrhizae in those with a smaller
amount of surrounding trees (Figure 1). According to a regression analysis there was no
correlation between the numbers of surrounding trees and the abundance of
mycorrhizae in the roots of O. monteverdensis.
Through an ANOVA test, I found that differing sizes of trees surrounding O.
monteverdensis also did not have a significant impact on the average abundance of
mycorrhizae (Figure 2; F2,25=2.63, p=0.092). When the majority of surrounding trees
were full-grown, the average mycorrhizae abundance was 5.19 (± 1.07). When the
surrounding trees were approximately half sapling, half full-grown, the average
mycorrhizae abundance was 5.63 (±1.70). When the majority of surrounding trees
consisted of saplings, the average number of mycorrhizae was 6.86 (±1.86).
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Figure 1. Number of trees surrounding each O. monteverdensis vs. abundance of mycorrhizae in
the roots of O. monteverdensis. There was no significant correlation between the two variables
(R2 = 0.04, n=28, p= 0.290).
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Figure 2. Comparing the effect of sizes of surrounding trees on mycorrhizae abundance in O.
monteverdensis. The error bars represent the standard deviation of each group. The difference
between number of mycorrhizae was not significant (F2,25=2.63, p=0.092).

DISCUSSION
The abundance and size of surrounding trees did not significantly affect the
amount of mycorrhizae in the roots of O. monteverdensis. These findings did not support
my prediction that a larger number of surrounding trees would lead to a higher
abundance of mycorrhizae, possibly due to a more extensive mycorrhizal network.
Though mycorrhizal networks can form between the mycorrhizal fungi of different
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species, the network may not necessarily influence the abundance of the fungi in each
host plant. Mycorrhizal abundance could be more pre-determined on factors such as the
availability of nutrients and water in the soil, or host age, and in turn, not be altered due
to establishment of mycorrhizal networks.
Although, a previous study has been done on how the species of surrounding
plants impacts mycorrhizal abundance. It was found that the mycorrhizal colonization
was significantly reduced when the host was surrounded with mixed species as
compared to more of a single species surrounding (Engelmoer & Kiers 2014). For future
studies, it would be intriguing to see if the mycorrhizal abundance was higher if O.
monteverdensis was planted in more of a monoculture setting.
One explanation for the relatively similar abundance of mycorrhizae in all 28
samples may be because each root sample was from the same species. Very little has
been studied on a comparison of host species and mycorrhizal abundance. But it is
possible that the number of mycorrhizae was similar because abundance is dependent
more so on the type of host plant that they colonize in.
Each O. monteverdensis that I looked at had similar environments (i.e. soil,
altitude, sun exposure, water availability), which may have amounted to a fairly
standardized abundance, and caused the mycorrhizal colonization to be very similar in
all of the roots. A previous study done on the effect of altitude on mycorrhizal
abundance in different vegetation found that there was a decrease of colonization with
an increase in elevation (Haselwandter & Read 1980). Because the O. monteverdensis
grows at fairly high altitudes, between 1,200 and 1,450m, this may be a species that
generally has lower mycorrhizal colonization due to the location.
Furthermore, different variants in the soil, for example texture or nutrient
availability, may also be an incredibly important determining factor in mycorrhizal
colonization. One study found that mycorrhizal density showed a significant positive
correlation with sandy soil and negative correlation with clay soil (Belay, et al. 2013). In
addition to soil texture, it has been found that there is a negative correlation between
spore density and available phosphorus (Belay, et al. 2013). In order to be able to plant
more O. monteverdensis trees in the area, it would be very beneficial to do future studies
on what soil composition helps to promote mycorrhizal growth most successfully.
Although the effect of age could not be compared in my study because all of the
O. monteverdensis that I took samples from were approximately 8 years old, age of the
host plant in other studies has been found to influence the amount of colonization. One
study found that in ginseng, the colonization rates of mycorrhizae increased with root
age (Kil, et al. 2014). Also, it has been discovered that at a younger age, the impact of
mycorrhizae feeding off the plant for carbohydrates may result in growth depression
(Ronsheim 2012). Future studies may find more significant differences in mycorrhizal
colonization if different aged trees of O. monteverdensis are compared.
Due to my findings, I can conclude that other factors, rather than number or size
of surrounding trees, more likely have a greater impact on mycorrhizal colonization.
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Though effects of mycorrhizae on their host are well studied, the effects of the host on
the mycorrhizae are yet to be well understood. Because of the endangered state of
Ocotea monteverdensis, it may be very beneficial to execute further studies on the
matter in order to possibly help promote growth of the species.
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